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(1) , , $0,1,$ $\cdots,$ $n,$ $n+1$




(3) $i$ , $i+1$ $n+1$ .
(4) , .
(5) , ( ) ,
, .
$I(t)$ : $t$ . $0<t\leq\infty$ ,
$M(t)$ : $t$ ( ) . $0\leq t\leq\infty$
, $I(\infty),$ $M(\infty)$ ,
.
(6) , .





$\alpha$ ; : $i$ $n+1$ ( ),
$\beta$; : $i$ $i+1$ ( ), $\beta_{n}\equiv 0$ .
$\lambda_{i}\equiv\alpha_{i}+\beta_{1}$ ,
, $\alpha;\leq\alpha_{j}$ $i<j$ .
$a$ : 1 ,
$b$ : 1 ,
$c$ : 1 .
4
$S$ $\equiv\{0,1, \ldots, n\}$












$=-P:j(t)\lambda_{j}+P_{ij-1}(t)\beta_{j-1},0\leq i<j\leq n$ ,
$f_{i}(t)= \sum_{j=i}^{n}P_{ij}(t)\alpha_{j}$ .
$P_{\dot{\iota}j}(t)$ , ( [1]).
56
1 $P_{1j}(t)$ , $(i,j)(i,j\in S)$ , $(j, t)(j\in S)$ , (Totally Positive of
Order 2) . , $i\leq j,$ $k\leq l,$ $s\leq t$ ,
$|\begin{array}{ll}P_{ik}(s) P_{il}(t)P_{\dot{g}k}(s) P_{jl}(t)\end{array}|\geq 0$
$X$ , 1 ,
$F(X)$ . TP variation diminishing property
, .
2 $h$ . $\in F(S)$
$\sum_{j\in S}P_{j}h_{j}\in F(S)$
,
$\sum_{j\in S}P_{1j}(\cdot)h_{j}\in F([0, \infty))\square$




$\alpha$ : , $\alpha$ . $-\theta\in F(S)$ . ,
$f.(t)-\theta\overline{F}.(t)\in F(S),$ $f_{i}(\cdot)-\theta\overline{F};(\cdot)\in F([0, \infty))$
$\overline{F};(t)=\exp(\int_{0^{t}}f.(x)/\overline{F}:(x)dx)$
5
$E_{0}$ : $0$ ,
$E;,$ $i=1,2,$ $\ldots,$ $n$ : $i$ ,
. , $E_{i}(i\in S)$ ,
( , ) .
$7r$ , ,
. , $x;(\pi),$ $y_{i}(\pi)$ , $\pi$ , $E$;
,
$\frac{x_{0}(\pi)}{y_{0}(\pi)}$
$\pi^{*}$ . $\pi$ $E$; $D_{i}(\pi)$
, $x_{i}(\pi),$ $y_{i}(\pi)$ , .
(51) $x_{i}( \pi)=\{b\overline{F}.(t)+cF\dot{.}(t)\frac{1}{1-P_{i}.\cdot(t)}1^{a\overline{F}_{i}(t)+cF_{i}(t)+\sum_{\dot{\gamma}=i+1}^{n}P_{j}(t)x_{j}(\pi)\}}$
, DDii((\pi \pi ))==IM(t()t)\emptyset \emptyset ,
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$=\{\begin{array}{l}\frac{l}{l-P_{ii}(t)}\{a\overline{F}.\cdot(t)+cF.\cdot(t)+\sum_{j=\cdot+l}^{n}P_{ij}(t)v_{j}(\pi,g)-g\int_{0}\overline{F}_{i}(t)_{\text{ }}t,\}_{\text{ }}D_{i}(\pi)=^{t}I(t)b\overline{F}_{i}(t)+cF_{i}(t)-g\int_{0}^{t}\overline{F}_{i}(t)dtD_{i}(\pi)=M(t)\text{ }\end{array}$
, $v_{i}(g)$
(5.4) $v;(g)= \min\{\min_{0<t\leq\infty}A;(t;j)\min_{0\leq t\leq\infty}R(t;g)\},$ $i\in S$ ,
$A_{i}(t;g) \equiv\frac{1}{1-P_{li}(t)}\{a\overline{F}_{*}\cdot(t)+cF_{i}(t)+\sum_{j=i+1}^{n}P_{j}(t)v_{j}(g)-g\int_{0}^{t}\overline{F}:(t)dt\}$ ,
$R_{i}(t;g) \equiv b\overline{F}_{i}(t)+cF_{i}(t)-g\int_{0}^{t}\overline{F}_{i}(t)dt$,
, $A_{i}(t;g),$ $B_{i}(t;g)$ $t$ , $\lim_{tarrow 0}A;(t;g)=\infty$
, , .
4 $v_{i}(g),$ $i\in S$ $g$ ( ) .
.
5 $v_{0}( \pi^{*}, g^{*})=\min_{\pi}v_{0}(\pi, g^{*})=0$ $\pi^{*},$ $g^{*}$ . , $g^{*}\in[0, c/\mu 0]$ .
4 .
$v_{0}(\pi, 0)=x_{0}(\pi)>0$ ,
$g>c/\mu_{0}$ , $D_{0}(\pi)=I(\infty)$ $\pi$ ,
$v_{0}(\pi, g)=c-g\mu_{0}<0$










(5.5) $v_{l} \cdot(g)=\min\{\min_{0<t\leq\infty}H;(t;g),\min_{0\leq t\leq\infty}R_{\mathfrak{i}}(t;g)\}$ , $i\in S$ ,
$H_{i}(t;g) \equiv a\overline{F}_{i}(t)+cF_{i}(t)+\sum_{j=i}^{n}P_{ij}(t)v_{j}(g)-g\int_{0}^{t}\overline{F}_{i}(t)dt$ .
$d;(g)$ (5.5) .
6
, $d_{i}(g),$ $i\in S$ , .
, , $v_{i}(g),$ $A_{i}(t;g),$ $H_{i}(t;g),$ $d_{i}(g)$ $g$ . $d_{i}$
, , $I(\infty),$ $R(0),$ $I(t;t<\infty),$ $R(t;t<\infty)$
.
8 $d_{n}=I(\infty)$ $M(0)$ .
$A_{n}(t)=c-g\mu_{n}+ae^{-\lambda_{n}t}/(1-e^{-\lambda_{n}1})$ ,
$R_{n}(t)=c-g\mu_{n}-(c-b-g\mu_{n})e^{-\lambda_{n}t}$ ,
$A_{n}(t)$ , $R_{n}(t)$ , $c-b-g\mu_{n}$ , , ,
.
9 $d_{n}=I(\infty)$ , $d;=I(\infty)$ , $i\in S$ .
8 , $d_{n}=I(\infty)\Leftrightarrow c-g\mu_{n}\leq b$ . $d_{i+1}=\cdots=d_{n}=I(\infty)$ .
$(1-P_{ii}(t))[A_{i}(t)-A_{i}(\infty)]$
$=a \overline{F}_{i}(t)+cF_{i}(t)+\sum_{j=:+1}^{n}P_{lj}(t)(c-g\mu_{J}\cdot)-g\int_{0}^{t}\overline{F}:(x)dx-(1-P_{l}\cdot;(t))(c-g\mu_{i})$
$=a \overline{F}_{i}(t)+g(\mu_{i}-\sum_{j=:}^{n}P_{1j}(t)\mu_{j}-\int_{0}^{t}\overline{F}_{i}(x)dx)=a\overline{F}_{i}(t)\geq 0$ ,
59
$d_{*}\cdot\neq I(t;t<\infty)$ .






, $c-g\mu_{n}\leq b$ , $d_{i}=I(\infty),$ $i\in S$ . ,
$c-g\mu_{n}>b$ , , $d_{n}=M(0)$ .
1 $d;=M(0)$ , $d_{j}=M(0),$ $j>i$ .
$c-b>0,$ $\overline{F}_{i}(t)$ $i$ , $R_{i}(t)$ $i$ .
, $R_{j}(t)\geq b,$ $j>i$ .
$d_{i}=M(0),$ $d_{k}=M(0),$ $k\geq j+1$ .
(i) $c\leq a+b$ , $\mu_{i}$ $i$ ,
$(1-P_{jj}(t))[A_{j}(t)-b]=c-b-(c-a-b) \overline{F}_{j}(t)-g\int_{0}^{t}\overline{F}_{j}(x)dx$
$\geq c-b-g\mu_{j}\geq c-b-g\mu;=A_{i}(\infty)-b\geq 0$




, $A_{j}(t)\geq b$ .
10 $d_{i}\neq M(0)$ ,
$h_{i}\equiv-\lambda_{i}v:+\beta_{i}v_{i+1}+\alpha_{i}(c-a)-g\leq 0$
$h_{i}(t)\equiv dH_{i}(t)/dt,$ $r:(t)\equiv dR_{i}(t)/dt$ , (4.1)
$h;(t)=c\alpha;-g-\lambda_{i}H;(t)+\beta_{i}H_{i+1}(t)$
$r_{i}(t)=c\alpha_{i}-g-\lambda_{i}R(t)+\beta_{1}R_{i+1}(t)$
, $d_{i}=I(t)$ , $h_{i}(t)=0,$ $H_{i}(t)=v_{i},$ $H_{i+1}(t)\geq vi+1$ $h_{i}<0$ . $d_{i}=$
$M(t;t>0)$ , $r_{i}(t)=0,$ $R_{i}(t)=v_{i},$ $R_{i+1}(t)\geq v_{i+1}$ $a_{i}\leq 0$ .
60
11 $h$ . $\in F(S)$
$d_{i}\neq M(0),$ $i=0,1,$ $\ldots,$ $K-1,$ $d_{i}=M(0),$ $i=K,$ $K+1,$ $\ldots,$ $n$ . $i\leq K-1$
, $h;<0$ . $i\geq K$ , $h_{:}=(c-a-b)\alpha_{i}-g$ . , $h$ . $\in F(\{K, K+1, \ldots, n\})\square$
12 $r_{i}(\cdot)\in F([0, \infty)),$ $r.(t)\in F(S)$ .
3 $r_{i}(t)=\overline{F}_{i}(t)[(c-b)f_{i}(t)/\overline{F};(t)-g]$




12 , $R;(t)$ , $t$ , , $r;(t)>0$ , $r_{j}(t)>0$ ,
$i>i$ . , 13 , $H_{i}(t)$ $t$ ,
, $h_{i}(t)>0$ $h_{j}(t)>0,j>i$ . , ,
.
2 alg $\min_{t}H_{i}(t)=t_{1},$ $\arg\min_{t}R(t)=s_{i}$ .
$i=K,$ $K+1,$ $\ldots,$ $n$ , $d_{i}(g*)=M(0)$ ,
$i=0,1,$ $\ldots,$ $K-1$ , $d_{i}(g*)=I(t;),$ $d_{i}(g*)=I(t_{j}),$ $i<j$
, $t_{i}\geq t_{i}$ ,
$d_{i}(g*)=R(s_{i}),$ $d_{i}(g*)=R(s_{j}),$ $i<j$
, $s;\geq S_{J}$ .
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